Specific fragmentation of TV DNA at glyoxal-fixed denatured regions by the SI endonuclease followed by restriction analysis made it possible to localize four low-melting regions in phage TV DNA. These regions have the following coordinates:0.5-1.2;14.8+0.3;46.3+0.5; 98.4±0.3 (in T7 DNA length units). The location of the low-melting regions was refined by means of electron-microscopic denaturation mapping and gel electrophoresis of partially denatured DNA. The obtained localization of the low-melting regions is consistent with the available data on the sequence of T7 DNA. The map of low-melting regions was compared with the genetic map of T7 DNA.
INTRODUCTION
Bacteriophage T7 is among those best-known both genetically and biochemically (1) . Detailed restriction maps, for a great number of endcnucleases, are available for T7 DNA (1, 2, 3) . Recently the sequence was determined of almost one third of the T7 genome starting from its left end and the functional properties and structural features of that part of the genome were thoroughly analysed (4, 5) . Specifically, two AT-enriched regions (79% AT pairs) 61 and 81 bp long were detected, respectively, in the primary replication area and between promoters AO and Al at approximately 14.8 and 1.0 units on the T7 map.
We had earlier detected and localized two low-melting regions in TV DNA (6) . Such regions have a much higher than average AT content (72* as against 52% AT pairs) an aggregate length of ca. 4O0 bp and correspond to a clear-cut peak at the beginning of the differential melting curve for TV DNA (6) (7) (8) .
A specially elaborated technique was used involving the fixation of melted DNA regions with glyoxal and a subsequent fragmentation by the SI endonuclease at the regions thus fixed; as a result two low-melting regionB were localized in T7 DNA (6) . However, the data obtained were not sufficient for orienting the map of those regions relative to the functional and physical maps of TV DNA or for a direct comparison with the sequence. Besides, as remarked in (6) , possibly not all the low-melting regions were detected.
The present paper deals with both these questions.
The map of low-melting regions was oriented relative to the genetic map through a comparison of the fragmentation at the low-melting regions for wild-type T7 DNA and its deletion mutant Dill. Restriction analysis of the SI fragments of T7 DNA supplemented with electron-microscopic denaturation mapping of the promoter fragment and gel electrophoresis of the partially denatured DNA revealed two more low-melting regions and refined the location of those detected earlier.
MATERIALS AND METHODS
DNA. T7 DNA was isolated in the same way as in (6) Sciences. The SI endonuclease preparation (Sigma,USA) was used without additional purification. The fixed DNA was cleaved by SI nuclease in a buffer containing 20 raM sodium acetate (pH 4.6) and 0.1 mM ZnS04 as described in (6) .
Fixation of DNA. The low-melting regions of T7 DNA were fixed with glyoxal (Sigma,USA) in 0.1SSC at 69°C as described in (6). DNA melting was followed by means of a Cary 219 spectrophotoraeter.
Electrophoresis and electroelutlon of DNA. Analytical electrophoresis of DNA fragments was carried out in 3 mm thick agarose or polyacrylamide gel slabs. The preparative separation of DNA fragments was performed by means of electrophoresis in a horizontal 160x130x8 mm 0.8% agarose gel slab. The electrophoresis buffer contained 40 mM Trls-acetate (pH 7.8), 5 mM sodium acetate and 1 mM EDTA. DNA was electroeluted from the gel as described in (10) . Ethidium bromide staining and photographing of the gels was performed as in (6) . The negatives were traced by means of an IFO-451 microphotometer (USSR).
DNA melting mapB. The Bspl Cl fragment of T7 DNA with fixed melted regions was prepared and the electron-microscopic denaturation maps were constructed in the same way as in (11) Identification and localization of low-melting regions.
The procedure described above for the detection of low-melting regions cannot reveal DNA fragments of a few hundred bp, whereas such fragments might form if there were low-melting regions at a distance of a few hundred bp from the regions detected or from the ends of the DNA molecule. To check this we made use of the restriction analysis of the SI fragments.
A,B and C fragments produced by SI nuclease were separated through preparative electrophoresis, then individual fragments of T7 DNA were electroelute3~from the" gel. Figure 2 shows the electrophoretic separation of the Bspl fragments of SI C fragment (Fig.2a) and a total T7 DNA (Fig.2b) . The notation of the Bspl fragments for the early region of T7 DNA is taken from (1) . One can see that the Bspl cleavage of SI C fragment yields Dl and El A special study was carried out in order to localize the low-melting region in the Cl fragment. Figure 4 shows the differential melting curve of the Cl fragment of T7 DNA. Up to 69°C (the temperature at which the lowmelting regions were fixed with glyoxal in the whole T7 DNA) the regions melting in the Cl fragment give rise to peaks 1 and 2 (see also (10, 12) ).
The regions giving rise to either peak were localized by means of electronmicroscopic mapping in the way described in (11) . The melted regions were fixed with glyoxal at 67°C and 69°C then the fixed DNA preparations were subjected to electron microscopy. we cleaved the SI fragments of T7 DNA with the Sau 3A endonuclease. Table I shows the sizes some of the Sau3A fragments of T7 DNA reported in (2).
In view of the known location of the low-melting regions in the early part of the T7 genome we can expect the cleavage of the Sau3A B fragment at these regions to yield subfragraents sized 13.4, 5.6 and 0.7 (in T7 DNA length units). Table I shows that these are the sizes of B* and F» fragments in Figure 6b inferred from the data in (6)) must yield subfragments sized 43.4 and 10.1.
These are respectively A # and C* fragments in Figure 6b . D and E fragments (Fig.6a) do not contain low-melting regionB, hence they correspond to bands D* and E* in Figure 6b . Figure 6b does not show a band corresponding to Sau3A C fragment. It means that the Sau3A C fragment contains a low-melting region whose splitting yields a fragment close in size to Sau3A D fragment, which explains the double intensity of band D» compared to E*.
Thus the Sau3A-based analysis of fragment lengths has made it possible to refine the location of the three low-melting regions detected previously and to detect another region near the right end of T7 DNA. Electrophoresis of partially denatured DNA.
We used electrophoresis of partially denatured DNA in polyacrylamide gel for an additional check of the localization of the low-melting regions.
The electrophoretic mobility of DNA was found in (13) to be sharply reduced by its partial denaturation. We have shown this to be also true of glyoxalfixed partially denatured DNA (14) . The low-melting regions in T7 DNA were fixed with glyoxal, then the DNA was treated with the Bspl endonuclease and the resulting fragments were separated in 6% and 10X acrylamide gels under normal conditions. 
DISCUSSION
The localization of the low-melting regions in T7 DNA is summarized in Electrophoresis in polyacrylamide gel of fixed partially denatured DNA (see Figures 8 and 9 ) is a fast and convenient technique for identifying the fragments containing low-melting regions. It can also be used for restriction and denaturation mapping (14) .
